Abstract
INTRODUCTION
Alcohol-related liver disease (ALD) is a leading cause of liver failure in the United States that arises in the setting of alcohol use disorder (AUD) [1] [2] [3] . Recent studies report a rising prevalence on the transplant waiting list and among privately insured persons [1, 2] . Additionally, population studies suggest rising ALD death rates, and most recently, ALD was found to have the greatest risk for death among gastrointestinal diseases with a rate of 6.8 per 100000 [4] [5] [6] . Treatment options for ALD are limited and at the minimum involve treating the underlying AUD, possibly in combination with liver transplantation. Given the increasing burden of disease and mortality in the setting of a profound shortage of donor organs, it is imperative to understand our current use of transplantation in the ALD population in order to optimize care and future research.
ALD occurs on a pathological spectrum and assessment of transplant use within ALD is limited. ALD ranges from asymptomatic steatosis to symptomatic cirrhosis and its complications [7] , and this process can be categorized into acute alcohol-related hepatitis (AH), severe alcohol-related hepatitis (SAH), chronic ALD, acute-on-chronic ALD, and hepatocellular carcinoma due to ALD [7] . While a prior published systematic review with meta-analysis investigated alcohol relapse as primary outcome and 6-mo mortality as a secondary outcome, this review has significant limitations that restrict clinical applicability [8] . The limitations include the narrow inclusion criteria of observational studies focused in AH, the inclusion of studies with a lack of comparator (potentially biasing the results in favor transplantation), the failure to extract or comment on AUD, the focus on short-term 6-mo mortality outcome, ambiguity if the PRISMA guidelines were followed, failure to report the overall quality of the evidence using GRADE (which is different than bias assessment), and limiting assessment of heterogeneity to removal of studies without "stringent criteria for selecting candidates for liver transplantation" [8] . Moreover, the review did not include data extraction of factors associated with abstinence, which were reported in a prior systematic review published by McCallum et al [9] -social stability, no nuclear family history of alcohol disease, older age, no prior rehabilitation treatment failure, no co-existing psychiatric problem [8, 9] . Exploration of heterogeneity causes and use of pre-specified control for heterogeneity is necessary to accurately study clinical efficacy of liver transplantation.
Overall, a more comprehensive systematic review of the literature, thoroughly assessing both long-term outcomes and pre-specified causes of heterogeneity to identify best practices, was needed to improve care, establish future research priorities, in particular related to the use of transplant, in the context of underlying AUD and in the broader ALD population, and inform clinical practice guidance documents. We hypothesized that the literature would be limited by a lack of standardization of terminology, and that the use of transplantation in the ALD population would also be highly variable. To assess this, we systematically reviewed the use of transplantation in all forms of ALD, including all studies comparing transplant to no-transplant and investigating short-and long-term outcomes. All ALD populations were included without restriction. Placement of the cohort on the ALD disease spectrum, assessment of underlying AUD and treatment, definition of ALD and relapse, assessment of relapse, reporting of data associated with abstinence, and study quality and bias were collected. By systematically reviewing the published literature, in particular the definitions used to assess the ALD population and outcomes, we aimed to fully characterize any heterogeneity, with the goal of assessing and combating bias to optimize and standardize care when considering patients with ALD for transplant, allowing best use of a limited resource.
MATERIALS AND METHODS
This study was constructed using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [10] . Accordingly, a protocol was registered in PROSPERO, an international prospective register of systematic reviews (Registration #: CRD42017016195; URL: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=16195), and the PRISMA checklist was submitted with our manuscript.
Data sources and searches
Electronic searches: A comprehensive literature search identifying studies investigating transplant compared to no-transplant for ALD was conducted. The initial search was performed on February 3, 2017 via Ovid MEDLINE® and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, and Daily and Versions®. Follow-up searches via Ovid EMBASE (1974 to present); Web of Science (Core Collection); and The Cochrane Library (Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials (CENTRAL), Cochrane Methodology Register, Technology Assessments (HTA)) were run on February 22, 2017. Search terms included all subject headings and/or keywords associated with "Alcoholic Liver Disease", "Liver Transplantation", "Survival Rate", "Mortality", "Treatment Outcome", "Prognosis", "Recurrence", "Recidivism", "Alcohol Drinking", "Patient Compliance", "Temperance", "Alcohol Abstinence", and "Alcohol Cessation". There were no language, publication date, or article-type restrictions implemented. These searches were re-run on February 28, 2018 to capture potentially relevant articles published after our initial search. The full OVID Medline Search strategy is available in the supporting information.
Study selection
Types of studies: Randomized controlled trials, observational, and case-control studies investigating adults with ALD comparing those with and without transplant.
Types of participants:
Adults aged ≥ 18 years with ALD.
Types of interventions:
Use of liver transplant (intervention) in comparison to notransplant (control).
Types of outcome measures:
Primary outcomes assessed short-term (≤ 6 mo) and long-term (> 6 mo) mortality and rate of alcohol relapse. Secondary outcomes included adverse events such as graft dysfunction and/or failure, bacterial infection (ascites, pulmonary, urinary, bacteremia, other), hepatorenal syndrome, gastrointestinal bleeding, and mechanical ventilation.
Data extraction and quality assessment
Selection of studies: After excluding duplicates, two researchers (Londono C and Gold S) independently screened titles and abstracts. An independent, third investigator (NTS) resolved any conflicts. All articles were reviewed against predefined inclusion criteria. Employing the same process, articles underwent full-text review, and those meeting inclusion criteria moved on to data extraction.
Data extraction and management:
Two investigators (Londono C and Gold S) independently extracted data using a standardized form separating the cohorts into transplant and no-transplant. Patients on the waitlist at time of data reporting were excluded from the analysis in order to not bias the results. Extracted data included trial design and methodology (assessment and treatment of AUD, definition of the diagnosis of ALD, required period of abstinence prior to transplant, definition of relapse, recognition of the presence of AH or SAH), patient demographics (age, sex, ethnicity, Child-Turcotte-Pugh (CTP) score, model for end-stage liver disease (MELD) score, history of prior alcohol-related decompensating events, medical management (pentoxifylline or steroids), Maddrey's discriminant function, labs on presentation (bilirubin, prothrombin time), Lille score at 7 d, length of abstinence in months (pretransplant where applicable), time to transplant listing, loss to follow-up, and length of follow-up), and primary and secondary outcomes. Where data was missing or unclear, the manuscript corresponding authors were contacted for further information.
Risk of bias and quality assessment: Two investigators (Londono C and Gold S)
independently assessed trial risk for bias using the Newcastle-Ottawa Scale for cohort and case-control studies and the Cochrane Risk of Bias tool for randomized controlled trials [11, 12] . The Newcastle Ottawa Scale assesses for bias using a star system across 3 categories -selection, comparability, and exposure [11] . The Cochrane Risk of Bias tool assesses for bias, categorizing the risk as high, low, or unclear across the following components: selection (randomization, allocation concealment), performance (blinding of participants and personnel), detection (blinding of outcome assessment), attrition (incomplete outcome data), reporting (selective reporting), and other (funding, etc) [12] . Studies lacking the maximum stars available across categories using the Newcastle Ottawa Scale or with low or unclear risk of bias according to the Cochrane Risk of Bias tool were considered to be at risk for bias. A third investigator (NTS) resolved disagreements. The overall quality of the evidence was evaluated using the GRADE system [13] , downgrading based on study design, study limitations, inconsistency of results, indirectness of evidence, imprecision, and reporting bias.
Data synthesis and analysis
Statistical analysis: Studies meeting the inclusion criteria were tabulated. Using random effects meta-analysis method of DerSimonian and Laird, statistically and clinically appropriate studies were combined to calculate a summary relative risk (RR) and 95% confidence interval (CI). Pre-specified subgroup analyses were undertaken to evaluate whether the estimated effect was modified by study design. Using the statistical software Stata, version 14 (StataCorp LP, College Station, TX, United States), data analysis was conducted.
Assessment of heterogeneity:
To assess heterogeneity, the I2 statistic and the chisquared test were computed [14] . Pre-specified explanations for heterogeneity included: study design, definition of ALD, definition and assessment of relapse, and inclusion criteria.
Assessment of publication bias:
Funnel plots and Egger's regression were used to evaluate for publication bias [15] [16] [17] .
Included studies: Of the 4010 articles screened, 125 underwent full text review and 10 studies (6 prospective, 4 retrospective) met inclusion criteria ( Figure 1 ). These 10 studies included a total of 1332 participants, of which 34.2% (456/1332) underwent liver transplantation and 65.8% (876/1332) did not. Table 1 shows details of the included studies and their transplant and no-transplant groups baseline characteristics, with weighted averages where applicable reported in Table 2 . Included studies were performed between 1993 to 2017, with high representation of a French population, 40% (4/10), with later studies more likely to report findings restricted to SAH populations [18, 19] . The majority of both transplant and no-transplant populations were men, 80.1% and 64.1%, respectively and had mean weighted ages of 46.7 and 49.6. Data reporting CTP and MELD broken down into transplant and notransplant cohorts was limited (Tables 1 and 2) ; the study populations appeared to be CTP class B/C with lower MELD scores in studies not restricted to SAH populations [20, 21] in comparison to those restricted to patients with SAH [18, 19] . Most studies did not report ethnicity, history of prior alcohol-related decompensating events, use of medications, Maddrey's discriminant function, labs on presentation, or Lille score (data not shown).
Gaps in reporting:
Supplementary Table 1 shows individual trial details, highlighting gaps in reporting regarding assessment and treatment of underlying AUD, diagnosis of ALD, requirement of a period of abstinence prior to transplant, details of relapse (definition and assessment), and accounting for or restricting to the presence of AH and or SAH. Two of the studies did not report how ALD was diagnosed [22, 23] , and the remaining 8 studies used a range of diagnostic criteria -some studies included mixed liver etiology (alcohol and other causes of liver disease) [24] ; others defined ALD by alcohol consumption ranging from 50 g/d for both men and women [25] , greater than 3 units per day for men or 2 units per day for women [26] , or greater than 80 g/d for men or 60 g/d for women [21] ; and the most recent studies did not specifically quantify the amount [18, 19, 27] . The majority of studies did not require pathological diagnosis, specify a required period of abstinence, or differentiate where patients were classified on the spectrum of ALD. Relapse was rarely defined, mostly assessed for by interviews at non-standardized intervals, and only three studies accounted for quantity of alcohol consumed among those with relapse [18, 19, 26] . Table 2 shows the study quality and risk of bias assessment. The randomized control trial [23] , the only abstract included in the analysis, had an unclear risk of bias across the different categories. Four of the later studies appeared at substantial risk of bias -the two case-control studies had a higher risk of selection and outcome bias [18, 19] while the other two were at risk of comparability bias [21, 27] . Two earlier studies were additionally at risk of outcome bias [24, 25] . Of the three studies that appeared to have low risk of bias [20, 22, 26] , only one was prospectively conducted [26] .
Risk of bias in the included studies: Supplementary

Effects of liver transplantation
Mortality: Random effects meta-analysis suggested a trend toward transplantation reducing mortality risk in comparison to no-transplant (RR = 0.51; 95%CI: 0.25-1.05; P = 0.07), but heterogeneity (I2 = 86.7%; P < 0.01) was significant ( Figure 2A ). This heterogeneity was no longer significant (I2 = 4.1%; P = 0.35) and a statistically significant reduction in mortality (RR = 0.25; 95%CI: 0.13-0.46; P < 0.01) was observed when restricting the study population to prospectively collected data ( Figure  2B ) [18, 19, 24] . When restricting to studies reporting early mortality, the remaining two studies included prospectively collected data in steroid non-responsive SAH populations [18, 19] , suggesting significantly reduced 6-mo mortality (RR = 0.30; 95%CI: 0.15-0.58; P < 0.01) with insignificant heterogeneity (I2 = 0.0%; P = 0.35). All six studies with mortality data reported presence of AH patients, with three specifying presence of SAH [18, 19, 25] , of which two studied only steroid non-responsive SAH [18, 19] . The lack of details of the AH patients within the other studies prevented further meta-analyses. Graphical evidence of publication bias was observed when including all studies (Supplementary Figure 1A) and when restricted to prospectively collected studies (Supplementary Figure 1B) , with suggestion of the presence of small-study effects, P = 0.14 and P = 0.07, respectively.
Relapse: Relapse risk in both the transplant and no-transplant cohorts was reported in 4 of the studies [20, [22] [23] [24] , and random effects meta-analysis was not significantly different (RR = 0.52; 95%CI: 0.18-1.53; P = 0.24) with significant heterogeneity (I2 = 82.3; P < 0.01) ( Figure 3A) . None of these studies differentiated between short or long-term relapse. When restricting the analysis to prospectively collected data [23, 24] , relapse risk significantly decreased for transplant patients (RR = 0.25; 95%CI: 0.14-0.45; P < 0.01) with insignificant heterogeneity (I2 = 0.0%; P = 0.61) ( Figure 3B ). Funnel plot Gish et al [24] United States P, C 29 (62) 4 Mean model for end-stage liver disease reported as 1.9 for the entire study population was omitted given concern for publication error.
P: Prospective; R: Retrospective; C: Cohort; CC: Case-control; RCT: Randomized controlled trial; CTP: Child-Turcotte-Pugh score; MELD: Model for endstage liver disease; NS: Not specified.
suggested publication bias when including all studies (Supplementary Figure 2A) and when restricted to prospectively collected data (Supplementary Figure 2B) . Of the 4 studies, 3 included a mixed population of AH that did not specify SAH and lacked details to allow additional meta-analyses (Supplementary Table 1 ) [20, 22, 24] .
Adverse events: Four studies specified the occurrence of graft dysfunction and retransplantation [18, 19, 25, 27] . Of these four, the study with the longest follow-up observed graft dysfunction in two of their 31 transplant patients with relapse (6%), of which one (50%) underwent re-transplant, the other which died (Supplementary Table 3 ) [25] . Other adverse events including bacterial infection (ascites, pulmonary, urinary, bacteremia, other), hepatorenal syndrome, gastrointestinal bleeding, and mechanical ventilation were only reported in two studies (data not shown).
Quality of the evidence:
Using the GRADE system, the quality of the evidence across studies was classified as Very Low for use of transplantation in ALD and relapse risk, with downgrading for study design, risk of bias, inconsistency, imprecision, and publication bias.
DISCUSSION
ALD is a leading indication for liver transplantation [28, 29] , with increasing prevalence [1] and incidence [30] on the liver transplant waiting list, but our understanding of the utility and application of transplant in this population compared to no-transplant is limited with no prior comprehensive systematic review. Random effects metaanalysis of the currently reported literature supports that transplantation for ALD reduced mortality, but not relapse risk, and significant heterogeneity limited these findings. The overall quality of evidence for both outcomes by GRADE criteria was very low. When analyzing prospectively collected data, transplant in comparison to no-transplant significantly reduced mortality and relapse with insignificant heterogeneity, but the suggestion of small-study effects driving these results persisted. Similar to our findings, significant heterogeneity observed in a prior systematic review focused on transplanted AH patients [8] corrected with restricting analysis to studies with strict candidate selection criteria and SAH. The prior systematic review failed to explore the causes for heterogeneity beyond this corrective maneuver, but in order to improve our study of ALD so that future studies report clear findings that allow larger scale compilation of data, a detailed understanding of prior causes of heterogeneity to allow successful future standardization is necessary.
None of the studies explicitly comment on the severity or treatment of AUD present in their study cohorts, which would impact outcomes of interest, in particular relapse. AUD when diagnosed according to the Diagnostic and Statistical Manual (DSM) 5 th edition put forth by the American Psychiatric Association is defined by meeting two of eleven possible criteria over a 12-mo period and further categorized into mild (presence of 2-3 symptoms), moderate (presence of 4-5 symptoms) or severe (presence of 6 or more symptoms) AUD [31] . Characterization of underlying AUD is imperative as prior research suggests that patients with less severe AUD are less likely to relapse [32] . Additionally, effective treatments for AUD include medications and behavioral therapies, and a recent systematic review found that interventions increase abstinence [33] . Overall, this failure of studies to provide detailed information pertaining to underlying AUD severity and treatment likely contributed to heterogeneity, reducing the reproducibility of prior publications.
Furthermore, all of the studies included defined ALD inconsistently. The majority of published research studies rely on clinical history rather than pathology, even when transplant makes explant liver pathology easily available. Additionally, studies use varying alcohol consumption cut-offs, vague terminology such as "alcoholism" without elaboration, and include mixed disease processes (alcohol in combination with another cause of liver disease, e.g., hepatitis C). Similar to findings reported by McCallum et al [9] , we report that this persistently vague definition of ALD inevitably leads to greater heterogeneity and prevents comparability among studies. Studies also fail to consistently characterize the clinical spectrum of ALD studied lie -acute, chronic, acute on chronic, hepatocellular carcinoma due to ALD -though this spectrum is commonly used in clinical practice [7] . This reduces the clinical applicability and external validity of the reported literature. The current literature investigating the use of transplantation in ALD defines ALD in a manner that not only introduces selection bias into the patients studied to date, but also may affect the study outcomes and raises the question of the presence of country and or transplant center bias in access to transplantation for patients with ALD.
In addition to heterogeneous disease definitions, the current reporting of pretransplant abstinence and relapse rates in ALD allows significant under-reporting and variability [7, 9] . Pre-transplant abstinence in the transplant population was not reported in the majority of studies (Table 3) , and though detailed breakdown of relapse appears more clinically useful [34] , only 4 of the studies defined relapse, varying from [18] trial to calculate weighted average as data for all 69 of the entire cohort was not available. CTP: Child-Turcotte-Pugh score; MELD: Model for end-stage liver disease.
"any consumption" to "slips." Additionally, though patient self-report, interviewing, and biochemical tests of blood, urine, or hair all present with limitations in terms of sensitivity, specificity, cost, and feasibility for monitoring for relapse [35] , the reported studies likely suffered from underreporting; the majority of studies used "short" or "random" intervals and relied only on interviews to detect relapse. A standardized protocol for defining and detecting relapse pre-and post-transplant in general practice and in clinical trials is needed.
There appears to be a critical need for standardized data collection tools to capture underlying AUD severity and treatment, spectrum of ALD studied, patient demographics (e.g., race, ethnicity, socioeconomics) and adverse events that may influence mortality and relapse outcomes. While the National Institute on Alcohol Abuse and Alcoholism (NIAAA) made recommendations to help with standardization of the study of AH [36] , the focus on AH and lack of incorporation of underlying AUD definitions and diagnoses limit the recommendations. This suggests the need for newer, more comprehensive recommendations, which were recently put forth by Shen et al [37] , proposing a standardized flow chart approach to patients with ALD and a comprehensive data collection tool.
Limitations and strengths
Not only does the heterogeneity due to lack of standardization limit our ability to fully assess transplantation in ALD, but this systematic review also suggests that the published data is of poor and limited quality -small studies with suggestion of small study effects in analysis, mostly observational or case-control cohort study design with only a single randomized controlled trial in abstract form, under-representation of many countries, and lack of long-term follow-up. Once definitions and data collection are standardized, within the spectrum of AUD and ALD, future multicenter prospective consortia and preferably controlled randomized clinical trials with long-term follow-up should be organized to capture and optimize the use of transplantation in the ALD population.
Our systematic review explores the extensiveness of study heterogeneity, even affecting the definition of ALD and lack of accounting for AUD. Additionally the majority of studies failed to report our pre-specified outcome of adverse events and lacked long-term follow-up to capture graft dysfunction or failure. Similarly, the definition of relapse, monitoring of it, and presence of social support or underlying demographics that might influence it were inconsistently reported. Despite the limitations, our analyses do suggest a short-term mortality benefit for transplantation in at least a subgroup of the ALD population, patients with steroid non-responsive SAH. Overall, the review highlights the need for more detailed studies in the ALD population, particularly the non-SAH.
Implications for clinical practice and research
Overall prior literature to date has focused on requirements of pre-transplant abstinence prior to listing and transplanting AH patients, but our systematic review suggests that this focus may be premature. Our findings suggest the urgent need for rigorous standardization in studying ALD, including the presence and treatment of AUD, the clinical definition of ALD, reporting the spectrum of the ALD population studied, data collection, and definition and detection of relapse. Only with such standardization can the needed international, large-scale, randomized controlled trials with long-term follow-up be conducted in a clinically useful manner. 1 Gish et al [24] 
ARTICLE HIGHLIGHTS
Research background
Alcohol-related liver disease (ALD) is a leading cause of liver failure and indication for liver transplantation, thus optimizing use of liver transplantation in this patient population is imperative. Systematically reviewing the literature, comparing transplanting ALD to not transplanting ALD is necessary to understand how to optimize use of liver transplantation in ALD and to direct future research.
Research motivation
Systematically reviewing the existing literature on the use of liver transplant compared to notransplant in patients with ALD could help guide clinical care and future directions of research.
Research objectives
To help inform optimal use of liver transplantation in ALD and understand limitations of existing research to guide future research, we conducted a comprehensive systematic review.
Research methods
We systematically reviewed the existing literature for studies comparing liver transplant to notransplant with a primary outcome of both short-and long-term mortality and relapse. Prespecified causes of heterogeneity included assessment and treatment of alcohol use disorder (AUD), definition of ALD, spectrum of ALD studied, assessment and rates of relapse, and study quality and bias.
Research results
We analyzed data from 10 studies including 1332 participants. While meta-analysis comparing liver transplant to no-transplant suggested improved mortality, relapse was found to be insignificant and both meta-analyses were limited by significant heterogeneity. Outcomes and heterogeneity improved with restriction to prospectively collected data; liver transplant in comparison to no-transplant had significantly reduced mortality and relapse with insignificant heterogeneity, though results remained limited by small-study effects. Overall, the quality of the evidence was very low.
Research conclusions
Current systematic review with meta-analysis comparing liver transplant to no-transplant suggests a mortality and relapse benefit in heterogeneous, institution-specific populations with inherent bias.
Research perspectives
To understand efficacy of liver transplantation for ALD on a global scale, formal recognition of the dearth of well-published literature on transplantation in this population is necessary, and there is an urgent need to standardize our approach to studying ALD. Such standardization should include assessment of the presence and treatment of AUD, the clinical definition of ALD, reporting the spectrum of the ALD population studied, data collection, and definition and detection of relapse.
